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Summary: Urinary excretion of alanine aminopeptidase (EC 3.4.11.2) was examined in 30 patients (22 women,
8 men, ränge 38 — 81 years; mean age 55.4) receiving gentamicin in a therapeutic dosage, which was based on
the monitored blood creatinine concentration. In general, therapy lasted 10 days. The excretion of 24
individuals displayed significant infradian rhythms with periods between 2.2 and 8.1 days. In 10 of these 24
patients (42%) a circaseptan period was detected. The high portion of circaseptan rhythms might have been
induced by the detrimental effects of gentamicin on the proximal tubule and the resulting processes of
reconstitution.
Introduction
Measurements of enzyme activities in urine provide
sensitive diagnostic indicators for the early detection
of renal diseases (l, 2). They are used äs a valuable
tool for the recognition and assessment of nephrotoxic
side effects öf drugs (3). To enhance the diagnostic
validity of urinary enzyme measurements all factors
influencing enzyme activity in vivo and in vitro must
be minimized or standardized. Among the endoge-
nous factors which have to be considered biological
rhythms of varipus freqüencies play an impprtant
role.
Apart from the well-known circadian changes in en-
zymuria (see I.e. (3, 4)) little is.known of excretion
rhythms with longer periods. Grätsch et al. (6) re-
ported infradian rhythms between 7 and 9 days in the
rat. In previous investigations on healthy volunteers
(7) we demonstrated that in man the excretion of
tubular enzymes is subject to marked infradian
changes with a mean period of about 10 to 14 days.
The aim of the present study was to clarify whether
the infradian rhythmicity is influenced by the neph-
rotoxic aminoglycoside, gentamicin, ffequently used
to combat Gram-negative infections.
Materials and Methods
Thirty patients (22 women, 8 men, ränge 38—81 years; mean
age 55.4) suffering from pyelonephritis received gentamicin in
a therapeutic dosage according to the monitored blood creati-
nine concentration. In general, therapy lasted 10 days. No
attempts were made to standardize influences such äs waking
and sleeping periods and fluid intake, which are known to
affect the timing of body functions. The purpose was to study
the infradian enzyme Output under clinical routine conditions.
For enzyme determinations the morning urine was collected
and prepared äs previously described (7).
Alanine aminopeptidase1) activity was determined using the
artificial chromogenic Substrate alanine-4-nitroanilide (final
concentration in the reaction mixture 2 mmol/1 in 50 Tris,
pH 7.8). Creatinine was assessed by a kinetic method.
Relevant periodicities in the time series were detected in three
subsequent Steps:
1. The general increase in enzyme excretion caused by the
gentamicin treatment was fitted by a fifth degree polynomial,
The calculated poiynomial was subtracted from the original
data.
The fifth degree polynomial could be shown to provide good
fit to the short-time series used here. Non-linear regression of
such a polynomial is fast and easy to handle with respect to
Enzyme
Alanine aminopeptidase (EC 3,4.11.2)
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the selection of suitable initial values. However, if a longer time
series including the drug-induced rise s well s a longer time
span of baseline levels has to be fitted, the application of the
following function is recommended:
y = a χ xb x e"cxx
The use of this function requires a careful selection of the initial
values to ensure convergence of the non-linear fit.
2. Dominant periods in the remaining data were detected by
the maximum entropy method (MEM) using Computer algo-
rithms taken from i.e. (8).
The maximum entropy method (all-poles model, autoregressive
model) belongs to modelling approaches to spectral estimation.
These methods characterize a signal (time series) by a model.
The model parameters are determined by solving a set pf linear
equations and are subsequently used to estimate the power
spectrum of the signal. Maximum entropy methods suggest that
the estimated autocorrelation function should be predicted be-
yond the data-limited r nge. The principle of this extrapolation
is that the spectral estimate must be the most random, i. e. must
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Fig. 1. Excretion patterns of alanine aminopeptidase in three
patients treated with therapeutic doses of gentamicin.
The alanine aminopeptidase activity was calculated per
mol urinary creatinine. The horizontal black bar indi-
cates the gentamicin treatment. The trend (dotted line)
was approximated by a fifth degree polynomial. The
thin continuous line represents the best fitting cosine
function after removal of this trend.
Maximum entropy method has the property of producing high
resolution spectra even for short data sequences. For a detailed
description of the method see I.e. (9). Information on practical
application and comparison of maximum entropy method with
Fourier transform methods is to be found in I.e. (10).
3. The results of maximum entropy method were used s initial
values for a cosine fit to the data. The results consisted of
estimates of period (T), arnplitude (A), mesor (M) and phase
(Φ) of the best fitting cosine functions, and the respective 95%-
confidence intervals.
Results
The experimental data agree well with the often re-
ported finding of an increase in enzymuria under
gentamicin treatment (e. g. (3)). As an example the
temporal course of the alanine aminopeptidase excre-
tion of three patients is depieted in figure 1. The
influence of this general rise on the time series analysis
was eliminated by fitting a fifth degree polynomial to
the original data. This function was subtracted sub-
sequently. The remaining data were computed with
maximum entropy method and non-linear fegressioii.
In most cases the maximum entropy method spectra
before and after the subtraction of the polynomial
agreed well, implying that the chosen proced re was
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Fig. 2. Power spectra of the alanine aminopeptidase excretion
pattern of patient 30 estimated by the maximum entropy
method (MEM).
a: Spectrum of the original time series.
b: Spectrum after removal of the trend in the baseline
level (dotted line in fig. 1) cajised by the gentamicin
treatment.
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method spectra of patient 30. As can be seen in figure
2a the spectrum of the original data is dominated by
the gentamicin-induced baseline alteration. Therefore,
this non-rhythmic influence overrides the rhythmic
components. After removing this trend the dominant
rhythmic components can be estimated by maximum
entropy method (fig. 2b) and a subsequent non-linear
fitting of cosine functions.
As already described by us for healthy volunteers (7),
the data of the 30 patients showed a high individuality.
As depicted in table l, infradian periods between 2.2
and 8.1 days were revealed. In the case of six subjects
no significant fitting was possible. Ten of the remain-
ing 24 patients (42%) displayed significant circaseptan
(7 ± l days) rhythms. The detected rhythms exhibited
amplitudes up to 65% with a mean of 29%.
Discussion
Rhythms in enzymuria cover at least a ränge from 24
hours (4, 5) to 44 days (7). Even longer rhythms seem
to occur, since Grätsch et al. (11) reported seasonal
differences in the excretion of alanine aminopeptidase
and four other enzymes in rats under constant light-
dark conditions. In the majority of our data, more
than one significant period was detected, indicating
that periodicity in enzymuria represents a complex
phenomenon, possibly regulated by different internal
pacemakers.
Not only enzyme excretion but also the concentration
of aminoglycosides have been found to undergo in-
fradian changes. Gilben et al. (12) observed a cycling
renal concentration of gentamicin in rats. Each cycle
covered a period of about 17 days, but the sampling
Tab. 1. Results of non-liiiear regressions after removing the trend approximated by a fifth degree polynomial.
Mesor ^kat/mol creatinine), amplitude ^kat/mol creatinine), period (days), phase (days) and the respective 95%-
confidence intervals of the best-fitting cosine functions are given.
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interval was relatively long, so that shorter periods
could have been masked.
Under normal conditions the circaseptan ränge does
not seem to be of paramount importance. However,
the application of the nephrotoxic aminoglycoside,
gentamicin, led to an amplification of circaseptan
periods. Gentamicin causes more or less pronounced
alterations in the brush border membrane of proximal
tubules, the segment where alanine aminopeptidase
represents one of the dominant proteases. The prox-
imal tubule is particularly vulnerable because 75% of
the filtered water and high amounts of other sub-
stances are re-absorbed here. Due to the resulting
metabolic strain the proximal tubule is very sensitive
to nephrotoxic agents (l 3).
The membrane damage produced by aminoglycosides
is counteracted by repair processes. In this context an
amplification of circaseptan periods in enzyme excre-
tion äs described here seems to be plausible. The
circaseptan rhythms are thought to be connected with
reactive and adaptive phases of the organism (14).
Devecchi et al. (15) reported circaseptan periods in
the rejection of kidney transplants. Thus, the impor-
tance of circaseptan rhythms in physiology and their
clinical application shoüld'be pursued in further in-
vestigations.
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